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(57) ABSTRACT

An 1nlet air filter device including: at least one passage for
delivering an air mass from an inlet section to an outlet
section of the inlet air filter device, a water separator 1n the
at least one passage for separating water in the air mass, the
water separator positioned between the inlet section and the
outlet section, a bypass element movable between a first
open position 1 which the air mass 1s forced to cross the
water separator and a second closed position in which the air
mass flows from the inlet to the outlet section without
crossing the water separator; a shutter element which 1s
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actuatable to co-operate with the bypass element for 1solat-
ing the water separator from the air mass when the bypass
clement 1s 1n the second closed position.
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INLET AIR FILTER DEVICE FOR A POWER
PLANT

FIELD OF THE INVENTION

Embodiments of the present invention relate to inlet air
filter devices and to the related assembling methods, and 1n
particular, but not exclusively, for power plants including
one or more thermal machines which 1n operation need to be
supplied with filtered air for combustion and/or ventilation
pPUrposes.

BACKGROUND ART

A power plant may include thermal machines, e.g. inter-
nal or external combustion engines, like gas turbine engines
or reciprocating engines or others.

In all the above implementations the power plant
includes, upstream from the thermal machine, an inlet air
filtering system for removing water and/or dust and other
impurities from the inlet air which, after filtration, 1s sup-
plied to the thermal machine for combustion and/or venti-
lation purposes. The inlet-air filtering system normally com-
prises an upstream inlet air filter device for separating water
from the inlet air and downstream filtration modules for
removing dust and other impurities.

In humid weather conditions, for example rain or fog, the
upstream air filter device separates water from the inlet air
in order to not let droplets of water form on the downstream
filtration modules, thus causing the latter to clog or, when
frost conditions are reached, to 1ce. Filter clogging or 1cing
may cause an excessive pressure drop 1n the downstream
filtration modules, which can result in a significant reduction
of the downstream thermal machine performance. In par-
ticular, 11 a thermal machine includes a compressor, which 1s
typical 1n gas turbine engines, the pressure drop in the
downstream {filtration modules may cause such compressor
to surge or security systems to stop the machine.

In dry weather conditions, on the other hand, when the
inlet air does not include moisture, an upstream air filter
device 1s useless, but also, potentially dangerous as 1t can
itself cause undesired pressure drops. In such conditions, the
air filter device should be removed or bypassed. Also 1n cold
humid weather conditions, when 1ce forming on the inlet air
filter device makes the pressure drop therein rise exces-
sively, removing or bypassing the upstream inlet air filter
device 1s required not to cause the shutdown of the down-
stream thermal machine, at least as long as ice does not
obstruct significantly the downstream filtration modules.

In known 1nlet air filtering systems, the upstream air filter
device 1s removed manually when water separation 1s not
needed or desired. Such a solution may require the shutdown
of any downstream thermal machine during the removal
operations and 1s therefore scarcely efficient and, 1n addition,
time demanding for field operators.

In other more eflicient solutions, for example 1n the one
described 1 U.S. 2011/0083419, there 1s provided an inlet
air filtering system where the removal of the upstream water
separation devices 1s made automatically by a remotely
operated actuator. In U.S. 2011/0083419 a filter bypass
assembly including a water separation filter 1s described.
The bypass assembly 1s moved by an actuator between a {irst
operating position, which intercepts the inlet air flowing 1n
the filtering system, and a second bypass position, which lets
the inlet air to reach the downstream filtering modules
without crossing the water separation filter.
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The latter solution 1s clearly an improvement over manu-
ally operated solutions, however it shows a plurality of

Inconveniences.

Firstly, when 1n the bypass position, even 1f the bypass
assembly 1s not crossed by the inlet air flow, it 1s not 1solated
by any impurity which might be present in the air and
therefore might deposit on or damage the water separation
filter. In particular, this could occur 1n sandy desert envi-
ronment, during sand storms.

Secondly, when 1n the bypass position, the bypass assem-
bly 1s not 1solated from the temperature and humidity
conditions of the 1inlet air, and theretfore, 1f the frost condition
was reached causing ice to form on the water separation
filter, this could be de-1ced only passively, after temperature
and humidity conditions of the inlet air will return above the
frost point and remain 1n such condition for a convenient
time 1nterval. Thirdly, the bypass assembly could be
improved 1 order to reduce 1its mass and simplily the
cinematic elements, e.g. hinges and actuators, which are
required to move the bypass assembly. Optionally, such
simplification could lead to a manually operated bypass
assembly.

Fourthly, also control strategies could be improved. In
U.S. 2011/0083419 the bypass element 1s only controlled
through temperature measurement. It could be envisaged to
add humidity measurements in order to better operate the
bypass element, following weather conditions.

SUMMARY OF THE INVENTION

An object of the present invention 1s to produce an inlet
air filter device for a power plant which allows for eflicient
operation of any downstream filtration module and thermal
machine 1n any weather and environmental condition, thus
limiting shutdowns caused by the pressure drop in the air
filter device or clogging in the downstream filtration mod-
ules.

According to a first embodiment and a second embodi-
ment, the present invention accomplish the object by pro-
viding an 1nlet air filter device comprising at least a passage
for delivering an air mass from an inlet section of the inlet
air filter device to an outlet section of the inlet air filter
device; a water separator in the passage for separating
moisture 1n the air mass, the water separator being posi-
tioned between the inlet section and the outlet section of the
inlet air filter device; a bypass element movable between a
first open position 1n which the air mass 1s forced to cross the
water separator and a second closed position in which the air
mass flows from the inlet to the outlet section, without
crossing the water separator, wherein the inlet air filter
device further comprises a shutter element which 1s actu-
atable to co-operate with the bypass element for 1solating the
water separator from the air mass flowing in the passage
when the bypass element 1s in the second closed position.

According to a further feature of the first embodiment and
second embodiment, the water separator comprises a first
and a second surface, the air mass flowing from the first to
the second surface of the separator when crossing the water
separator, the bypass element being adjacent to one of said
first and second surface when the bypass element 1s 1n the
closed position; the shutter element being actuatable to
1solate the other of said first and second surface from the air
mass when the bypass element 1s 1n the closed position.

According to a further feature of the first embodiment and
second embodiment, the inlet air filter device further com-
prises flow means for delivering air from at least one source
of air towards the water separator when the bypass element
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1s 1n the second closed position and the shutter element 1s
actuated to co-operate with the bypass element for 1solating
the water separator from the air mass flowing in the passage.

The water separator of the inlet air filter device of
embodiments of the present invention can be physically
isolated from the air mass flowing 1n the device when the
bypass element 1s 1n the second closed position and the
shutter element 1s operated 1n such a way to provide the
isolation eflect. This prevents any impurity which might be
present 1n the air to deposit on or damage the water sepa-
rator. Even 1f the 1solation provided by the bypass element
and the shutter element 1s not perfectly airtight, which could
be critical 1n sand desert environments, the inlet air filter
device of embodiments of the present invention flow means
for delivering air towards the water separator when 1t 1s
isolated from the air mass flowing in the passage, thus
creating an over pressure with respect to the inlet air mass
flow which prevents impurities to pass through the bypass
clement and the shutter element and to reach the water
separator. If the flow means are connected to a source of hot
air, for example by providing a connection with the delivery
section of the compressor of a gas turbine engine, this
feature of the mvention can be used to de-frost and dry an
iced water separator when 1t 1s 1n the second closed position,
isolated from the air mass tlowing in the device.

According to a further feature of the first embodiment, the
water separator 1s fixed with respect to the passage and the
bypass element 1s movable with respect to the water sepa-
rator.

According to further features of the first embodiment, the
water separator 1s spaced from an iner surface of the
passage, the bypass element extending between the water
separator and the inner surface of the passage when the
bypass element 1s 1 the first open position, the bypass
clement being adjacent to the water separator when the
bypass element 1s 1n the second closed position.

Splitting the bypass element from the water separator
allows reducing at the minmimum the mass of the bypass
element, 1.e. of the mass to be moved 1n the inlet air filter
device. A smaller and lighter bypass element can be moved
by a smaller electric or hydraulic actuator, consuming a
lower amount of energy, or by a manually operated actuator,
thus allowing 1n all cases a reduction of costs.

A further object of embodiments of the present invention
1s to develop a method for assembling an inlet air filter
device.

According to a third embodiment and a fourth embodi-
ment, the present invention accomplish the same objects and
provides the same features described with reference to the
first and second embodiment by providing an inlet air filter
device comprising one single passage for delivering an air
mass from an inlet section of the inlet air filter device.

According to a fifth embodiment, the present invention
accomplishes this further object by providing a method for
assembling an inlet air filter device comprising: a first step
of providing a passage 1n the inlet air filter device 1n such a
way that a flow path for an air mass 1s defined from an inlet
section of the 1nlet air filter device to an outlet section of the
inlet air filter device; a second step of providing a water
separator 1n the passage for separating humidity in the air
mass, the water separator being positioned between the nlet
section and the outlet section of the inlet air filter device; a
third step of providing a bypass element movable from a first
open position 1 which the air mass 1s forced to cross the
water separator and a second closed position in which the air
mass flows from the inlet to the outlet section without
crossing the water separator, and a fourth step of providing
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4

a shutter element arranged 1n such a way to be actuatable to
co-operate with the bypass element for 1solating the water
separator from the air mass flowing in the passage when the
bypass element 1s 1n the second closed position.

The same advantages described above with reference to

the other embodiments of the present invention are accom-
plished by the fifth embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Other object feature and advantages of the present mnven-
tion will become evident from the following description of
the embodiments of the invention taken 1n conjunction with
the following drawings, wherein:

FIG. 1 1s a schematic view of an inlet filtering system for
a power plant according to an embodiment of the present
invention;

FIG. 2 1s a schematic cross-sectional view showing a first
embodiment of an inlet air filter device according to the
present 1nvention;

FIGS. 3 and 4 are schematic cross-sectional views of the
inlet air filter device 1n FIG. 2, in respective difierent
operational configurations;

FIGS. 5 and 6 are schematic cross-sectional views, cor-
responding to FIGS. 3 and 4, of a second alternative embodi-
ment of a an inlet air filter device according to the present
invention;

FIGS. 7 and 8 are schematic cross-sectional views, cor-
responding to FIG. 2, showing, respectively, a third and a
fourth embodiment of an inlet air filter device according to
the present invention;

FIGS. 9 and 10 are schematic cross-sectional views of the
embodiments 1 FIGS. 3-4 and 35-6, respectively, showing
turther components of the 1nlet air filter device according to
embodiments of the present invention;

FIG. 11 1s flow chart diagram of a method for assembling,
an 1nlet air filter device according to an embodiment of the
present 1vention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

With reference to FIG. 1, a power plant 100 comprises an
inlet air filtering system 110 for removing water and 1mpu-
rities, for example dust or sand, from a mass of air 4 entering
the plant 100. The air filtering system 110 extends from a
suction section 110q to a delivery section 11056 and com-
prises an upstream inlet air filter device 1 for removing water
from the mass of air 4 entering the filtering system 110 and
plurality of downstream filtering modules 111 for removing
solid 1mpurities from the mass of air 4 flowing from the
upstream 1nlet air filter device 1.

The 1nlet air filter device 1 includes a plurality of weather
hoods 102a-c (three weather hoods shown in FIG. 1), for
protecting the suction section 110a from weather agents, and
a {irst upstream portion 1034 of a filter house 103, adjacent
to the weather hoods 102a, b, c¢. The downstream filtering
modules 111 are housed 1n a second downstream portion
1036 of the filter house 103, the second portion 1035
extending from the first portion 103¢a to the delivery section
11056 of the arr filtering system 110. The downstream filter-
ing modules 111 are of known types and can be arranged 1n
a plurality of configurations, depending on the specific
requirements ol the power plant 100. For example the
filtering modules 111 may include pulse jet filters and/or
HEPA filters. Generally, filtering modules 111 are subject to
clogging by mixtures of water droplets and solid impurities
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and for this reason they need to be coupled to the upstream
inlet air filter device 1. However, filtering modules 111 are
not an object of the present invention and therefore are not
described 1n further detail.

The mass of air 4, after treatment 1n the filtering system
110 1s delivered to a thermal machine 130, through an inlet
duct 120, comnecting the filtering system 110 with the
thermal machine 130.

The thermal machine 130 can be of various types, all
requiring to be supplied with air free of solid impurities and
therefore all requiring to be proceeded by a filtering system
including at least the filtering modules 111. For example, 1n
an embodiment of the power plant 100, the thermal machine
130 1s a reciprocating engine. In another embodiment of the
power plant 100, the thermal machine 130 1s a gas turbine
engine including an upstream air compressor, a downstream
turbine and a combustor between them.

A first embodiment of the inlet air filter device 1 1s shown
in more detail 1n FIGS. 2, 3, and 4. With reference to FIGS.
2-4, the filter device 1 comprises a plurality of passages 3
(only two passages 3 are shown lor clanty reasons) for
delivering the air mass 4 from an inlet section 5 of the inlet
air filter device 1 to an outlet section 6 of the inlet air filter
device 1. The inlet section 5 1s comncident with the suction
section 110q of the filtering system 110 and the outlet section
6 separates the first and second portion 103a,56 of the filter
house 103. The passages 3 comprises respective first por-
tions 3a delimited by the weather hoods 102a, 5, ¢ and
respective second portions 36 extending 1n the first upstream
portion 103a of the filter house 103. The passages 3, 1n both
the first and the second portion 34,5, 1s delimited by inner
surfaces 3¢ which define a flow path for the mass of air 4
flowing from the inlet section 5 to the outlet section 6.

The filter device 1 comprises a water separator 10 in each
passage 3 for separating water 1n the air mass 4. The water
separator 10 1s fixed with respect to the passage 3 and 1s
positioned between the inlet section 3 and the outlet section
6, 1n such a way to intercept the tlow path of the mass of air
4 flowing in the passage 3 from the inlet section S to the
outlet section 6. In particular, the water separator 10 1is
positioned in the passage 3 between the first and the second
portion 3a,b thereof. The water separator 10 1s spaced from
the inner surface 3¢ of the passage 3.

The water separator 10 comprises a first free surface 20
and a second free surface 21 and 1s oriented 1n such a way
that the first and second surface are respectively upstream
and downstream with respect to the flow path of the mass of
air 4. Each of the first and a second surface 20, 21 comprises
an upstream edge 20a, 21a and a downstream edge 205, 215,
respectively oriented towards the inlet section 5 and the
outlet section 6. The water separator 10 comprises a droplet
catcher 11 and a coalescer 12, oriented in such a way that the
droplet catcher 11 1s adjacent to the first upstream surface 20
and the coalescer 12 1s adjacent to the second downstream
surface 21. Alternatively, according to another embodiment
of the present mvention (not shown) the water separator
includes only the droplet catcher. In general, for the pur-
poses of embodiments of the present invention, a water
separator of any type 1s usable provided that 1t 1s positioned
in the passage 3, between the inlet section 5 and the outlet
section 6, for separating water 1n the air mass 4.

In the passage 3a fixed wall 30 1s provided extending
between the downstream edges 205, 2156 and the inner
surtfaces 3¢ of the passages. The fixed wall 30 intercepts the
flow path of the mass of air 4, which 1s forced to deviate
towards the first surface 20 of the water separator.
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The filter device 1 further comprises a pressure sensor 23
between one side and the other of the fixed wall 30, 1.e.
between the first and the second portion 34,5 of the passage,
to measure the pressure drop across the water separator 10.

The filter device 1 further comprises a wall-shaped bypass
clement 15, which 1s movable, with respect to the water
separator 10 and to the passage 3, between a first open
position (FIG. 2) in which the air mass 1s forced to cross the
water separator 10, tlowing from the first to the second
surface 20, 21, and a second closed position 1n which the air
mass 4 flows from the inlet 5 to the outlet section 6, without
crossing the water separator 10. In the first position, the air
mass 4 crossing the water separator 10 first passes through
the droplet catcher 11 and then through the coalescer 12. The
filter device 1 includes a hinge 18 on the upstream edge 21a
of the second free surface 21 of the water separator 10,
around which the bypass element 15 rotates for moving
between the first and the second position. The rotation of the
bypass element 15 around the hinge 18 1s actuated through
an electric actuator 16. Alternatively, according to another
embodiment of the mvention (not shown) the bypass ele-
ment 15 1s actuated manually or by a pneumatic actuator.

When the bypass element 15 1s 1n the first open position,
the bypass element 15 extends between the hinge 18 on the
water separator 10 and the inner surface 3¢ of the passage 3,
in the opposite direction with respect to the fixed wall 30. In
the first open position, the bypass element 15 intercepts the
flow path of the mass of air 4, thus co-operating with the
fixed wall 30 in deviating the mass of air 4 towards the first
surface 20 of the water separator.

In the second closed position, the bypass element 15 1s
adjacent to the second surface 21 of the water separator 10
and spaced from the mner surfaces 3¢ of the passage 3. The
passage 3 results intercepted at the first surface 20 when the
bypass element 15 1s in the closed position.

The inlet air filter device 1 further comprises a shutter
clement 13 which 1s actuatable to co-operate with the bypass
clement 135 for 1solating the water separator 10 from the air
mass 4 flowing 1n the passage 3 when the bypass element 15
1s 1n the second closed position.

The shutter element 13 comprises a plurality of blades 14
actuated through a second electric actuator 17 to close 1n
such a way (FIG. 4) to 1solate the first surface 20 from the
air mass 4 when the bypass element 15 1s 1n the closed
position.

Alternatively, according to another embodiment of the
invention (not shown) the shutter element 13 1s actuated
manually or by a pneumatic actuator. Seal means are pro-
vided between the bypass element 15 and the water sepa-
rator 10 and between the shutter element 13 and the water
separator 10 for assuring airtightness when the water sepa-
rator 10 1s 1solated from the air mass 4 tlowing in the passage
3. Seal means are also provided between the bypass element
15 and the mner surfaces 3¢ of the passage 3 for assuring
airtightness between them when the bypass element 15 1s 1n
the open position.

A second embodiment of the inlet air filter device 1 1s
shown 1 more detail in FIGS. 5-6, 1dentical components

illustrated 1n FIGS. 5-6 are labelled with the same reference
numbers used 1n FIG. 1-4.

In the embodiment of FIG. 5-6, a second fixed wall 31
extends between the upstream edge 21a, b of the second
surface 21 and the inner surface 3¢ of the passage 3, 1n
opposite direction with respect to the fixed wall 30. The first
and second walls 30, 31 co-operates together for intercept-
ing the flow path of the mass of air 4, which 1s forced to pass
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between the first and second walls 30, 31, where the water
separator 10 1s placed, as explained below.

In the embodiment of FIG. 5-6, the water separator 10 1s
integral with a bypass element 115 and moves together with
it between the first open position (FIG. 5) and the second
closed position (FIG. 6).

In the first open position, the bypass element 115, includ-
ing the water separator 10, 1s remote from the inner surfaces
3c of the passage 3, 1n a position substantially identical to the
position of the water separator 10 1n the embodiments of
FIGS. 2-4. In the second closed position, the bypass element
115 occupies a seat 32 1n the second fixed wall 31 and 1s
close to the iner surfaces 3¢ of the passage 3, in a position
substantially 1dentical to the position of the bypass element
15 1n the embodiments of FIGS. 2-4. In the embodiments of
FIG. 5-6, a shutter element 113 1s included for co-operating
with the bypass element 115 for 1solating the water separator
10 from the air mass 4 tlowing in the passage 3 when the
bypass element 115 1s in the second closed position. The
shutter element 113 1s functionally and structurally equiva-
lent to the shutter element 13 of the first embodiment. The
shutter element 113 1s fixed to the bypass element 115 and
moves together with 1t between the first and the second
position. The shutter element 113 comprises a plurality of
blades 114 actuated through the electric actuator 17 to close
in such a way (FIG. 6) as to 1solate the first surface 20 of the
water separator 10 from the air mass 4 when the bypass
clement 135 1s 1in the closed position.

Seal means are provided between the shutter element 113
and the water separator 10 for assuring airtightness when the
blades 114 are actuated to 1solate the water separator 10 from
the air mass 4 flowing 1n the passage 3. In the embodiments
described above, the bypass element 15, 115 1s moved
between the first and the second position according to
actuation strategies, depending on weather and environmen-
tal conditions. To operate such strategies the characteristics
of the air entering the inlet air filter device have to be
measured. As shown schematically i FIG. 1, the power
plant 1 includes five sensors 121a-¢ to respectively measure
wind direction, wind intensity, relative humidity, tempera-
ture, and opacity. Measured data are sent to the PLC control
system 122, which controls also the thermal machine 130.
According to a different embodiment of the mmvention a
dedicated PLC control system 1s used. The control system
122 elaborates the data measured by the sensors 121a-¢ and
command the actuator 16, through an electrical connection
123, for moving the bypass element 15, 115 according to
predefined actuation strategies.

In an embodiment of the invention, mentioned above,
where the bypass element 15, 115 1s manually actuated, the
control system 122 elaborates the data measured by the
sensors 121a-e and shows the operator the action to be done
on the bypass element 15, 115 according to predefined
actuation strategies.

In a first actuation strategy, the wind direction and inten-
sity together with relative humidity and opacity of the air are
measured to determine a sand storm condition for a power
plant installed on a coastal region close to a sand desert.
Wind direction data are used to determine 11 the air 1s coming
from the sea, 1.e. without sand therein, or from the inland, 1.e.
potentially with sand therein. Wind intensity data are used to
determine stormy conditions. Also very low relative humid-
ity and high opacity help to determines stormy conditions. In
such a condition, the actuation strategy requires the bypass
clement 15, 115 to be moved to the second closed position
and to 1solate 1t with the shutter element 13, 113.
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In a second actuation strategy, relative humidity and
temperature are measured to determine frost point condi-
tions. In such conditions, the actuation strategy requires the
bypass element 15, 115 be left 1n the first open position until
ice formed on the water separator 10 causes the pressure
drop measured by the pressure sensor 23 to rise to unac-
ceptable values. When the pressure drop measured by the
pressure sensor 23 1s above a predefined threshold value, the
bypass element 15, 115 1s moved to the second closed
position at least until de-frosting and drying of water sepa-
rator 10 1s achieved.

Other actuation strategies can be applied according to
specific requirements of the power plant 100 and, 1n par-
ticular, of the thermal machine 130.

In both the first and the second embodiment described
above, the inlet air filter device 1 further comprises tlow
means 25 for delivering air from at least one source of air
towards the water separator 10 when the bypass element 15,
1135 1s 1n the second closed position and the shutter element
13, 113 1s actuated to co-operate with the bypass element 15,
115 for 1solating the water separator 10 from the air mass 4
flowing 1n the passage 3. When the source of air 1s a source
of hot air, flow means 25 can be used to achieve de-frosting
and drying the water separator 10 1 a quick and efhlicient
manner. In addition, flow means 25 can be used to create an
over pressure in the water separator 10 with respect to the
inlet flow of the mass of air 4, when the water separator 10
1s 1n the second closed position and physically 1solated from
the 1nlet air mass 4. Such an over pressure prevents 1mpu-
rities to pass through the bypass element 15, 115 and/or the
shutter element 13, 113, thus reaching the water separator
10. In all cases, the source of air 1s can be a source of clean
air, 1n order not to dirty (i.e., soil) the water separator 10.

A third embodiment of the inlet air filter device 1 1s shown
in more detail 1n FIG. 7. Identical components 1llustrated 1n
FIG. 7 are labelled with the same reference numbers used 1n
FIG. 1-6.

The third embodiment differs from the first embodiment
for the fact that 1n the former the filter device 1 comprises
a single passage 3 for delivering the air mass 4 from an 1nlet
section 5 of the inlet air filter device 1 to an outlet section
6 of the inlet air filter device 1.

The filter device 1 comprises two water separators 10a, b,
respectively upper and lower, in the single passage 3 for
separating water in the air mass 4.

When 1n the first open position, the wall-shaped bypass
clement 15 of the upper water separator 10a extends
between the respective hinge 18 on the water separator 10a
and the mner surface 3¢ of the passage 3, as in the first
embodiment in FIGS. 2-4. Differently from the first embodi-
ment 1n FIGS. 2-4, the bypass element 15 of the lower water
separator 106 extends between the respective hinge 18 on
the water separator 105 and the downstream edge 205 of the
first surface 20 of the upper water separator 10a. Seal means
are provided on the downstream edge 205 and/or on the
bypass element 15 of the water separator 106 for assuring
airtightness between such components when the bypass
clement 135 of the water separator 105 1s in the open position.
According to the third embodiment 1n FIG. 7, a single
weather hood 102qa 1s provided inlet air filter device 1 for

protecting the suction section 110q from weather agents. An
additional hood 102d departing from the upstream edge 20q
of the first surface 20 of each water separator 10a, b may be
provided 1n case of acoustical requirement.
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A fourth embodiment of the inlet air filter device 1 1s
shown i1n more detail in FIG. 8. Identical components
illustrated 1n FIG. 8 are labelled with the same reference
numbers used in FIG. 1-7.

The fourth embodiment differs from the third embodiment
in FIG. 7 for the fact that, instead of the shutter element 13,
a second wall-shaped element 213 1s used for 1solating each
water separator 10a, b from the air mass 4 flowing in the
single passage 3 when the bypass element 15 1s 1n the second

closed position. Each second wall-shaped element 213 1is
hinged to the downstream edge 205 of the first surface 20 of
cach water separator 10a, b, respectively, mn order to be
rotatable from a first open position, remote from the first
surtace 20, and a second closed position, adjacent to the first
surface 20. The bypass element 15 of the lower water
separator 106 and the second wall-shaped element 213 of the
upper water separator 10aq are adjacent to each other when
they are both in the open position, shown in FIG. 8. Seal
means are provided on the second wall-shaped element 213
and/or on the bypass element 15 for assuring airtightness
between them when they are adjacent to each other in the
open position. According to other embodiments (not shown)
structurally and functionally similar to the third and fourth
embodiment, a different number of water separators 10 (one
or three or more water separators 10) are used in the single
passage 3.

With reference to FIGS. 9 and 10, which respectively
refer to the first and the second embodiment, flow means 25
comprise a plurality of pipe branches, including a first
branch 25a extending from the inlet duct 120 towards the
water separator 10 and a second branch 2356 extending from
a source of hot air 135 towards the water separator 10. When
the thermal engine 130 1s a gas turbine engine the source of
hot air 135 1s normally the delivery section of the source of
hot air 135. The first branch 25 includes a pump 26 for
delivering air from the mlet duct 130 the water separator 10
and a control valve 26a, immediately downstream the pump
26. The second branch 255 includes intercepting means 27,
for example a control valve, for controlling the flow of hot
air from the source 135 to the water separator 10. Flow
means 25 further comprise a third branch 25¢ for connecting
both the first an second branches 25q, b to each water
separator 10 of the inlet air filter device 1. The third branch
25¢ comprises a main pipe 28 and secondary pipes 29a, 295
departing from the main pipe 28, each of the secondary pipes
29a-b being connected with a respective water separator 10
(two secondary pipes 29a-b i FIG. 7-8 for clarity reasons).
In each secondary pipe 29a-b, respective intercepting means
33, for example a control valve, are provided for controlling
the flow of air 1n each of the secondary pipes 29a-b,
independently from the others. In the first embodiment of the
air inlet filter device 1, each secondary pipe 29a-b 1s directly
connected to the respective water separator 10 (FIG. 9). In
the second embodiment of the air inlet filter device 1, each
secondary pipe 29a-b 1s connected to the respective seat 32
occupied by water separator 10 when in the respective
second closed position (FIG. 10). The air delivered through
secondary pipes 29a-b crosses the respective water separator
10 and 1s finally delivered to the atmosphere through a
respective downstream pipe 34. In each downstream pipe
34, a relative humidity sensor 35 1s provided for controlling
the mtercepting means 33 in at least one operative configu-
ration. For example the humidity sensor 35 can 1dentily a
dry condition of the water separator 10 when the latter i1s
connected to the source 135 for de-frosting and drying.
When such dry condition 1s reached hot air 1s no longer
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required 1n the water separator 10 and the respective control
valve 33 can be activated for 1solating the respective sec-
ondary pipe 29a-b.

The components described 1 FIGS. 9 and 10 can be
casily adapted also to the third and fourth embodiment 1n
FIGS. 7 and 8.

In a further embodiment of the present invention (not
shown), water tlow means are provided for connecting each
water separator 10 to a source of water. This 1s particularly
usetul 1 desert environments, where the water separator 10,
when 1t 1s 1solated from the air mass 4 flowing 1n the passage
3, can be washed by injecting water through such water tlow
means.

In this way maintenance operations on the water separator
10 will be strongly reduced.

In a fifth embodiment of the present invention, diagram-
matically represented 1n FIG. 11, a method 200 for assem-
bling an inlet air filter device 1 comprises four main steps
210, 220, 230, 240.

In a first step 210, a passage 3 1s provided 1n the inlet air
filter device 1 1n such a way that a flow path for an air mass
4 1s defined from an inlet section 5 of the inlet air filter
device 1 to an outlet section 6 of the inlet air filter device 1.

In a second step 220, a water separator 10 1s provided 1n
the passage 3 for separating humidity 1n the air mass 4, the
water separator 10 being positioned between the inlet sec-
tion 5 and the outlet section 6 of the inlet air filter device 1.

In a third step 230, a bypass element 15, 1135 1s provided.
The bypass element 15, 115 1s movable from a {first open
position 1n which the air mass 4 1s forced to cross the water
separator 10 and a second closed position 1n which the air
mass 4 tlows from the 1nlet 5 to the outlet section 6 without
crossing the water separator 10.

In a fourth step 240, a shutter element 13, 113 1s provided
and arranged 1n such a way to be actuatable to co-operate
with the bypass element 15, 115 for isolating the water
separator 10 from the air mass 4 flowing 1n the passage 3
when the bypass element 15, 115 1s 1n the second closed
position.

In a fifth optional step, flow means 25 are provided for
delivering air from at least one source of air towards the
water separator 10 when the bypass element 15, 115 1s 1n the
second closed position and the shutter element 13, 113 1s
actuated to co-operate with the bypass element 15, 115 for
1solating the water separator 10 from the air mass 4 flowing
in the passage 3.

The present mvention allows accomplishing the object
and advantages described above. In addition, the method
described above can be used 1n refurbishing a conventional
inlet air filtering system, by including therein, an inlet air
filter device according to an embodiment of the present
invention.

This written description uses examples to disclose the
invention, including the preferred embodiments, and also to
cnable any person skilled in the art to practice the invention,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the mvention 1s defined by the claims, and may include
other examples that occur to those skilled in the art. Such
other example are intended to be within the scope of the

claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences
from the literal languages of the claims.
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What 1s claimed 1s:

1. An 1nlet air filter device, the device comprising:

at least one passage for delivering an air mass from an
inlet section of the inlet air filter device to an outlet
section of the inlet air filter device,

a water separator 1n the at least one passage for separating
water 1n the air mass, the water separator positioned
between the inlet section and the outlet section of the
inlet air filter device, and comprising a first surface
upstream of a flow path of the air mass and a second
surface downstream of the flow path of the air mass,

a bypass element movable between a first open position in
which the air mass 1s forced to cross the water separator
and a second closed position 1n which the air mass
flows from the inlet to the outlet section without
crossing the water separator,

a shutter element fixed to the bypass element and actu-
atable for i1solating the first surface from the air mass
flowing 1n the passage when the bypass element 1s 1n
the second closed position.

2. The inlet arr filter device according to claim 1, wherein
the air mass tlows from the first surface to the second surface
of the water separator when crossing the water separator, and
the passage 1s intercepted at the second surface when the
bypass element 1s 1n the closed position.

3. The inlet air filter device according to claim 1, wherein
the air filter device includes a hinge around which the bypass
clement rotates for moving between the first and the second
position.

4. The nlet air filter device according to claim 3, wherein
the passage 1s delimited by at least one inner surface, one of
the first open position or second closed position of the
bypass element 1s spaced from the mnner surface of the
passage, the other of the first open position or second closed
position of the bypass element being 1s adjacent to the inner
surface of the passage.

5. The inlet air filter device according to claim 1, wherein
the water separator 1s fixed with respect to the passage and
the bypass element 1s movable with respect to the water
separator.

6. The inlet air filter device according to claim 5, wherein
the water separator 1s spaced from an inner surface of the
passage, the bypass element extending between the water
separator and the inner surface of the passage when the
bypass element 1s 1n the first open position, the bypass
clement being adjacent to the water separator when the
bypass element 1s 1n the second closed position.

7. The nlet air filter device according to claim 1, wherein
the water separator 1s integral with the bypass element.

8. The inlet air filter device according to claim 7, wherein
the bypass element 1n the first open position 1s remote from
an inner surface of the passage, and the bypass element 1s
close to the mnner surface of the passage when the bypass
clement 1s 1n the second closed position.

9. The nlet air filter device according to claim 1, wherein
the bypass element 1s wall shaped.

10. The ilet air filter device according to claim 1,
wherein the water separator comprises a droplet catcher and
a coalescer, the water separator being oriented 1n the passage
in such a way that the air mass crossing the water separator
first passes through the droplet catcher and then through the
coalescer.

11. The inlet air filter device according to claim 1, wherein
the inlet air filter device further comprises a flow device for
delivering air from at least one source of air towards the
water separator when the bypass element 1s 1n the second
closed position and the shutter element 1s actuated to co-
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operate with the bypass element for isolating the water
separator from the air mass flowing in the passage.

12. An inlet air filtering system for a power plant, the inlet
air filtering system comprising:

an inlet air filter device comprising;:

at least one passage for delivering an air mass from an
inlet section of the inlet air filter device to an outlet
section of the inlet air filter device,

a water separator 1n the at least one passage for separating
water 1n the air mass, the water separator positioned
between the inlet section and the outlet section of the
inlet air filter device, and comprising a first surface
upstream of a flow path of the air mass and a second
surface downstream of the flow path of the air mass,

a bypass element movable between a first open position 1n
which the air mass 1s forced to cross the water separator
and a second closed position i which the air mass
flows from the inlet to the outlet section without
crossing the water separator,

a shutter element fixed to the bypass element and actu-
atable for i1solating the first surface from the air mass
flowing 1n the passage when the bypass element i1s 1n
the second closed position.

13. A method for assembling an inlet air filter device, the

method comprising:

providing a passage 1n the inlet air filter device 1n such a
way that a flow path for an air mass 1s defined from an
inlet section of the inlet air filter device to an outlet
section of the inlet air filter device,

providing a water separator 1n the passage for separating
humadity in the air mass, the water separator positioned
between the inlet section and the outlet section of the
inlet air filter device, and comprising a first surface
upstream of a flow path of the air mass and a second
surface downstream of the flow path of the air mass,

providing a bypass element movable from a first open
position 1n which the air mass 1s forced to cross the
water separator and a second closed position 1n which
the air mass flows from the inlet to the outlet section
without crossing the water separator,

providing a shutter element fixed to the bypass element
and arranged 1n such a way to be actuatable for 1solat-
ing the separator first surface from the air mass flowing
in the passage when the bypass element 1s 1n the second
closed position.

14. The nlet air filtering system of claim 12, wherein the
air mass flows from the first surface to the second surface of
the water separator when crossing the water separator, and
the passage 1s intercepted at the second surface when the
bypass element 1s 1n the closed position.

15. The inlet air filtering system of claim 12, wherein the
air filter device includes a hinge around which the bypass
clement rotates for moving between the first and the second
position.

16. The inlet air filtering system of claim 12, wherein the
water separator 1s fixed with respect to the passage and the
bypass element 1s movable with respect to the water sepa-
rator.

17. The inlet air filtering system of claim 12, wherein the
water separator 1s integral with the bypass element.

18. The inlet air filtering system of claim 12, wherein the
bypass element 1s wall shaped.

19. The nlet arr filtering system of claim 12, wherein the
water separator comprises a droplet catcher and a coalescer,
the water separator being oriented 1n the passage 1n such a
way that the air mass crossing the water separator first passes
through the droplet catcher and then through the coalescer.
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20. The shutter element of claim 1, comprising a plurality
of blades actuated to close to 1solate the first surface from the
alr mass.

14
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